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Cast iron consists of metallic iron, together with at least 1.5

per cent of carbon. it also contains silicon, phosphorus, sulphur,

manganese, and other elements in greater or less proportion, but

these may be regarded as impurities, though their presence is often

useful or even necessary for the purpose for which cast iron is ap-

plied. The proportion of elements other than iron is usually about

7 per cent of the total weight though this varies considerably, and

is sometimes very much more. The iron founder distinguishes be-

tween pig iron or the form in which the metal is obtained from the

blast furnace, and cast iron, or the form it assumes after it has

been again melted; but no such difference is recognized by the chem-

ist and pig iron is merely a variety of cast iron which is produced

in a particular form. A considerable proportion of the pig iron

which is annually produced is used by the iron founder for the pur-

poses of his art. In general foundery work, it is preferable to em-

ploy a mixture of different brands of pig iron obtained from several

localities. The reason for this is that irons from any particular

locality have special characteristics based upon their chemical com-

position, and the mixtures may be so arranged that each brand of

iron used supplies what would otherwise be deficient in the casting.

Pure cast iron or iron containing merely some 3 per cent of carbon

is quite unsuitable for foundery use, but silicon, and to a smaller

extent manganese, phosphorus, and sulphur act beneficially when pre-

sent in suitable quantities, though the proportion of these elements

which may with advantage be allowed varies with the purpose for

which the mixture is required. Hence it is of the utmost importance

that the composition of the irons used in the foundery be known.
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Probably no other constituent in cast iron is of importance equal to

that of combined carbon, and the influence of the other elements is

largely due to the effect they produce in increasing or diminishing

this constituent. Of all those constituents which are regarded as

impurities, sulphur is the most objectionable on account of its per-

nicious effects, and the difficulty of removal. The presence of

sulphur in cast iron tends to cause the carbon to assume the combin-

ed form, and thus to produce hard, weak, and brittle metal. Such

iron is also unsuitable for puddling and for steel making. Foundpry

iron of good quality should not contain more than 0.15 per cent of

sulphur. The presence of sulphur in malleable iron and steel is

also undesirable in any quantity since it induces red shortness -

that is the metal cannot be worked at or above red heat, but cracks

under the hammer. On account of the difficulty of removal - only

40 per cent being removed in finery and puddling processes,- it is

essential that a cast iron of very low sulphur content be used for

conversion into malleable iron or steel. From these considerations

the importance of knowing the percentage of the constituents of cast

iron and especially that of the sulphur content is at once apparent.

The determination of sulphur in cast iron is a problem which

has taxed the brain of the chemist from the beginning of the iron

industry, and even in our present stage of development the problem

still presents numerous difficulties. In the large iron and steel

plants of today where the blast furnaces are turning out pig iron

day and night, and the Bessemer, and open hearth processes are going

on almost continuously it is essential that a chemical analysis be

conducted as rapidly as possible. Therefore the choice of a method

for the estimation of the sulphur content depends not only upon the
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accuracy of the method, but upon the rapidity as v/eli, and it was,

primarily, the object of this thesis to discover a method for the

determination of sulphur in cast iron which would insure accuracy

as well as rapidity. Before elucidating the work of this thesis it

may not be amiss to consider, briefly, a few of the standard methods

now in use in the various iron and steel laboratories. Many methods

have been devised during the last decade, - it is needless to go back

farther because most of the methods used prior to that time have

been discarded,- but it is a significant fact that all of the so

called rapid methods for the determination of the sulphur contents'

do not in many cases give uniform results, and those methods which

insure accuracy and uniformity are disadvantageous on account of the

time element. The methods in use at the present time may be classed

under two general heads, namely Evolution and Oxidation; the best

methods are either improvements upon one or the other of these gen-

eral heads, or else involve a combination of the two. We shall now

proceed to describe some of these standard methods.

Karston^was the first to suggest dissolving iron or steel in

hydrochloric or dilute sulphuric acid, and collecting the evolved

hydrogen sulphide by absorbing it in a solution of a metallic salt.

There are a variety of salts which may be used as absorbents.

Absorption by Alkaline solution of Lead Nitrate.

Blair"*"- 10 grams of borings or drillings free from lumps are

placed in a flask of about 500 c.c. capacity which is connected

with a hydrogen generator, and also with two Erlenmeyer flasks each

containing a potassium hydrate solution of lead nitrate. The object

of having two Erlenmeyers is to guard against any of the evolved gas

escaping absorption,- any gas that escapes absorption in the first

flask will be taken up by the solution in the second. A slow





stream of hydrogen which passes through a wash-bottle containing an

alkaline solution of lead nitrate is run through the apparatus until

all the air is expelled. The hydrogen supply is then shut off by

means of a stop cock, and 100 c.c. of a mixture of (50c. c. strong hy

-drochloric acid and 50c. c. water) is run into the flask containing

the sample, by means of a funnel tube. The supply of hydrogen is

now turned on and the flask and contents are heated with a bunsen

burner. When the solution in the flask has boiled for fifteen min-

utes and all the metal has dissolved, the source of heat is removed

and the current of hydrogen continued for ten minutes longer, after

which the apparatus is disconnected, the precipitate of lead sulphide

which appears in the Erlenmeyer flask collected on a filter, washed

with hot water, and then placed in a beaker containing some powdered

potassium chlorate, and from 5 to 20c. c. of strong hydrochloric acid

according to the amount of the precipitate. It is allowed to stand

until the fumes have partly passed off, twice its volume of hot wa-

ter added, and it is then filtered and again washed with hot water.

The filtrate is heated to boiling and ammonia added until it is

slightly alkaline. Next it is acidulated with a few drops of hydro-

chloric acid, 5 to 10 c.c. of barium chloride solution added, boiled

for fifteen minutes and allowed to stand for half an hour. The pre-

cipitate of barium sulphate is then filtered, washed with hot water,

ignited and weighed as barium sulphate, which contains 13.75 per

cent sulphur. The entire operation can be performed in about two

and a half hours and in the opinion of the author gives very accurate

results

.

Absorption by Ammoniacal Solution of Cadmium Sulphate.
1

T.T.Morrell .- The evolved gas is passed into an ammoniacal
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solution of cadmium sulphate, the porcipitate of cadmium sulphide

filtered in a counterpoised filter, washed with water containing a

little ammonia, dried at 100 C, and finally weighed as cadmium sul-

phide, which contains 22.25 per cent of sulphur.

Absorption and Oxidation by Bromine and Hydrochloric Acid.

Freseniusl- The evolved gases are passed through a solution of

bromine in hydrochloric acid, and hydrogen sulphide thus oxidized at

once. A tube consisting of two bulbs is used to contain the absorb-

ent instead of Erlenmeyer flasks. When the operation is finished,

the contents of the bulb-tube are washed out into a beaker, heated

until all the bromine is driven off, neutralized by ammonia, and the

sulphuric acid percipitated as before described. This method has

the disadvantage of filling the room with bromine fumes unless the

apparatus is placed under a hood with a good draft. It is also nec-

essary to avoid bringing the bromine fumes in contact with rubber

stoppers

.

Absorption and Oxidation by Potassium Permanganate.

Drown'l'- A solution of potassium permanganate, 5 grammes to the

litre of water is placed in the Erlenmeyer flasks, three flasks, how

ever, being used instead of two, and the operation conducted as in

Blair's Method, care being taken to avoid a rapid evolution of gas.

The contents of the flarsks are washed into a beaker, and any mangan-

ese oxide that may adhere to the sides of the flasks is dissolved in

hydrochloric acid, and added to the solution in the beaker. Then

enough hydrochloric acid is added to entirely decompose the perman-

ganate, the solution boiled until it becomes colorless, filtered if

necessary, and the sulphuric acid precipitated by barium chloride.

Absorption and Oxidation by Hydrogen Peroxide.

Craig"!:- The flask containing the sample is connected to a
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nitrogen bulb, in which have been placed 4c. c. of hydrogen peroxide

and 16c. c. of ammonia, and the operation conducted as before describ

-ed. When the operation is finished, the contents of the bulb are

washed into a small beaker, acidulated slightly with hydrochloric

acid, boiled, barium chloride added, and the amount of barium sulpha

-te determined as usual. As hydrogen peroxide always contains sul-

phuric acid the amount must be carefully determined, and the proper

correction made.

By Oxidation and Solution.

Blairl- 5 grammes of drillings in a No . 4 beaker, covered by a

watch glass are treated with 40c. c. of strong nitric acid. In the

case of pig iron and steel there is usually no action in the cold, so

heat is gently applied until the action begins, and should it be-

come too violent, the beaker is placed in cold water until it moder-

ates. The solution may be hastened by adding a few drops of hydro-

chloric acid from time to time. Bhen the solution is complete and

only particles of graphite and silica remain undissolved, the cover

is removed from the beaker, a little sodium carbonate added in order

to prevent any possible loss of sulphuric acid by the decomposition

of the ferric sulphate during the subsequent evaporation and the sol

-ution is then evaporated to dryness. Next 30c. c. of hydrochloric

acid are added, the contents of the beaker heated until the ferric

oxide is dissolved, evaporated again to dryness to render the silica

insoluble, redissolved in hydrochloric acid, evaporated until the

ferric chloride begins to separate out, and 2c. c. hydrochloric acid

and a little water finally added. The contents are now filtered and

washed, care being taken that the total filtrate and washings do not

exceed 100c. c. in volume. The filtrate is heated to boiling, 10c. c.

of a saturated solution of barium chloride added, and allowed to





stand in the cold overnight, afterwhich it is filtered, the precipi-

tate washed into a little very dilute hydrochloric acid, and final Ly

with cold water; dried, ignited, and weighed as barium sulphate.

Bamber's Method.

-

5 grammes or a 5 - factor weight ( 6 . 878grammes ) of pig iron

are dissolved in strong nitric acid, 10 grammes of sodium carbonate

added, washed into a platinum or porcelain dish, evaporated to dry-

ness and ignited over an alcohol flame. The content of the dish is

then treated with water with the addition of a little sodium carbon-

ate, filtered, and washed with water containing sodium carbonate.

Next it is acidulated with hydrochloric acid, evaporated to dryness,

redissolved in water with a few drops of hydrochloric acid, and pre-

cipitated boiling with barium chloride.

Elliott's Rapid Method
x
- Volumetric Determination by Iodinei

This method involves the evolution of the sulphur as hydrogen

sulphide, its absorption in a solution of sodium hydroxide, and

titration by iodine in potassium iodide. It requires a standard so-

lution of iodine, a standard solution of sodium thiosulphate , a

starch solution, and a standard solution of potassium bichromate. 50

c.c. of a solution of caustic soda, 1.1 sp. gr. is poured into one

of the Erlenmeyer flasks referred to in previous methods. The sec-

ond flask need not be used, but it is well to keep a caustic potash

solution of lead nitrate in it, and attach it after the other, to be

certain that no hydrogen sulphide escapes the caustic soda solution.

The operation is conducted the same as in the other evolution me-

thods and when finished, the contents of the Erlenmeyer flask are

washed into a beaker, diluted to 500 c.c, acidulated with hydro-

chloric acid, a few drops of starch solution added and titrated

with the standard iodide solution.
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Wood's Method*-

This is simply a modification of the above method. The evolv-

ed gas is passed into an ammoniacal solution of cadmium sulphate in-

stead of caustic soda. The contents of the absorption flask are fil

-tered, the filter containing the precipitate of cadmium sulphide

placed in a beaker containing cold water, hydrochloric acid added

until the precipitate dissolves, and the titration of iodine effect-

ed as above. This method in the opinion of the author has the ad-

vantage over that in which caustic soda is the absorbent insomuch

that the hydrocarbon gases absorbed by the latter solution are got-

ten rid of, and the error which their presence may produce is avoid-

ed, the bulk of the precipitate is an indication of the amount of

sulphur and a guide to the proper amount of hydrochloric acid to use

for its solution, and when the cadmium sulphide is filtered off,

only a small amount of acid is required, and the generation of heat

from the neutralization of the alkali is avoided.

2
Francis C. Phillips from numerous experiments performed on

various kinds of cast iron proved that organic sulphur compounds

are formed in the evolution process, and that the loss of sulphur

which oftens results in its determination by the evolution method

is largely due to the formation of these organic compounds. He gives

a method whereby the lost sulphur may be recovered. The method is

as follows - The iron is dissolved in hydrochloric acid of 1.12 sp.

gr. added slowly while a stream of carbon dioxide is being trans-

mitted through the flask, heat being applied as soon as the action

becomes retarded. The escaping gas is led through a porcelain com-

bustion tube heated to dull redness. The porcelain tube contains a

roll of platinum foil eight inches long, and the delivery tube from

the evolution flask is pushed far enough into the procelain tmbe to
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permit any liquid which night distil L over to drop into the hot

platinum roll. Slow stream of carbon dioxide is passed continueous-

ly through the evolution flask and heated porcelain tube. The solu-

tion of ferrous chloride is finally heated to gentle boiling and

kept boiling until the oily drpos which usually coat the sides Af

the flask are carried away. This requires two hours boiling or two

and one half hours for the entire process. As an absorbent, bro-

mine dissolved in dilute hydrochloric acid is used..After passing a

nitrogen flask containing the bromine solution the gas is conducted

to the bottom of an eight litre bottle containing a little of the

same bromine solution. Experiments have shown that the use of this

large bottle is necessary to the complete condensation of the sul-

phuric acid. The sulphur is determined by weighing as barium sul-

phate.

William A. Noyes and L. Leslie Helmer have devised two me-

thods which in their opinion eliminate some of the difficulties en-

countered in other methods. They are as follows- 1. Solution in

bromine and water. - 200 c,c. of water and 8 c. c. of bromine prev-

iously purified by mixing with a little dry sodium carbonate and

distilling from a plain retort are placed in a flask, and 5 grams

of the iron added in portions, cooling after each addition. Solution

takes place readily. When it is complete, the contents are boiled

to expel the slight excess of bromine, filtered, the residue wash-

ed, a little sodium carbonate added, and the filter finally burnt

in a platinum crucible, using an alcohol lamp, and completing the

oxidation by the addition of some potassium nitrate. The residue is

then dissolved in water, filtered, acidified with hydrochloric acid
9

5 c. c. barium chloride solution added, digested until the precipi-
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tate settles readily and the sulphur determined as usual. However,

three-fifths of the weight of barium sulphate found are to be added

to that obtained from the main solution. The main solution, contain-

ing ferric bromide is to be precipitated as follows - In a 500 c.c.

graduated flask are placed 130 c.c. of ammonia ( 10 per cent ) and

the solution obtained above, added. The volume is made up to 500

c.c, mixed thoroughly, and filtered. 300 c.c. of the filtrate are

taken and evaporated in a wide beaker to 100 c.c. During this evap-

oration contact with the products of combustion of illuminating gas

must be avoided. For this purpose the author used a piece of stove-

pipe flattened on one side and connected at one end with an elbow

and upright piece to carry away the products of combustion. Next

one drop of hydrochloric acid and 10 c.c. of barium chloride is add-

ed, the solution digested hot till the precipitate settles quickly

after stirring; filtered, ignited and weighed as usual. The precipi-

tate represents the amount of sulphur in 3 grams of the sample.

2. Solution in Nitric AOid, Potassium Bromide, and Potassium Chlor-

ate. - In a flask are placed 120 c.c, of dilute nitric acid ( sp.

gr. 1.20 ) and 1 gram of potassium bromide. To this is added in

portions, 5 grams of the iron mixed with 7 grams of potassium chlor-

ate, cooling somewhat if necessary. When the iron is dissolved the

contents of the flas£ are transferred to a flat porcelain dish and

evaporated to dryness in such a manner that contact with the prod-

ucts of combustion of the gas is avoided. The residue is dissolved

in concentrated hydrochloric acid, diluted, filtered, and treated

as in method 1. The filtrate is also treated as in the first method.

The advantages resulting from the use of either of these two methods

are that the precipitation is made with a solution free from iron,





and that by the evaporation of the ammoniacal solution it becomes

neutral, and by the addition of one drop of dilute hydrochloric

acid a constant degree of acidity is secured.

Schulte's Method*-

The iron sample is dissolved in fairly dilute hydrochloric

acid and the gases evloved are passed through a solution of cadmium

acetate acidulated with, acetic acid. Cadmium sulphide is precipi-

tated and for the purpose of obtaining a precipitate better suited

for the subsequent operations, the cadmium sulphide is converted

intocopper sulphide by the addition of a concentrated mixture of cop

-per sulphate solution and sulphuric acid. This is then filtered

off, ignited in platinum to copper oxide, weighed, and the sulphur

originally present obtained by calculation. The results obtained

are quite accurate.

The work of Andrew A. Blair9 and later that of Allen P. Ford

it
and Ogden G. Willey ° has shown that v/ith certain grades of pig iron

the standard method by oxidation and solution does not give uniform

results - in short there appears to be a loss of sulphur by too ra-

pid solution. Blair recommends that Bamber's method be used for

such irons; the two latter authors agree with Blair that Bamber's

method is the most reliable one in such cases, and they have still

further improved the method by the device of inverting a small watch

glass over the sample in the bottom of a casserole before putting on

the acid. When solution begins, the escaping gases are held under

the watch glass until enough collect so that their buoyancy tilts it

up and allows them to escape, but not until tlhose carrying sulphur

have been held in contact with the oxidizing gases some time. Care

must be taken, however, to only warm the dish sufficiently to cause
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solution to take place slowly. As this method was eventually adop-

ted for much of the work of this thesis it will be well to treat

of it at this juncture. A 2 gram sample of drillings is dissolved

slowly in nitric acid in a platinum dish, using the inverted watch

glass over the drillings as described above. After the iron is com-

pletely dissolved, the watch glass is removed from the solution,

one gram of potassium nitrate added and the solution evaporated

to dryness and ignited over a Bunsen burner at a good red heat for

three or four minutes, turning the dish so that the side as well as

the bottom is heated to redness. 50 c.c. of 1 per cent solution of

sodium carbonate is then added, boiled for a minute or so, filtered

using paper pulp, and washed with hot 1 per cent sodium carbonate.

The filtrate is acidified with hydrochloric acid and evaporated to

dryness. The residue is taken up in 50 c.c. water and 2 c.c. strong

hydrochloric acid, filtered, washed, and in the filtrate, which

should be 100 c.c. in bulk, the barium sulphate precipitated with

barium chloride. By this method results can be obtained with cer-

tainty and with less delicate manipulation than with the oxidation

method and it is applicable to many irons that would be troublesome

with the ordinary oxidation method.

Here, then, we have a number of methods for the determination

of sulphur in cast iron and we are forced to conclude that none of

them is entirely satisfactory. The evolution method has been proved

to be inaccurate, giving results in some cases which are much lower

than those obtained by the oxidation method. This is due as before

stated to the formation of organic sulphides in the process which

are not absorbed by the alkaline solution. The improvement methods

which include the determination of the sulphur content in this or-

ganic residue involve the use of complicated apparatus and for the





most part a considerable expenditure of time. The oxidation method,

also has been proved to be inaccurate for certain grades of cast

iron. This is, undoubtedly due to some of the sulphur escaping ox-

idation in the process thus leading to low results in the analysis.

As regards the improvement methods on the oxidation method wherein

special means are taken to oxidize all of the sulphur content, the

same fault is to be found as in the case of those devised to insure

accuracy in the evolution process,- they are too long and complicat-

ed. Of all the methods above described, Bamber's method on account

of its simplicity and ease of manipulation is the most preferable,

"but it is not rapid enough, and for that reason is not used very

extensively in commercial work.

There is still one more method which while not yet worked up

to the point admitting of practical use is, nevertheless, deserving

of mention; it is the application of Eschka's method to pig irons.

rr

The experiments of Francis C. Phillips on various forms of cast

iron proved that the iron can be oxidized directly in the dry state

and the sulphur converted quantatively into sulphuric acid. He did

not succeed, however, in formulating a method which would be applic-

14
able to all grades of cast iron. John V. R. Stehman experimented

along the same lines and obtained some very good results with both

gray and white cast irons. His method consists in oxidizing the

iron in the presence of a basic mixture; the sulphur is converted

into soluble sulphates of the bases present, and any small quantity

of sulphides of these metals formed is oxidized by bromine, as in

the determination f sulphur in coke. He used two mixtures: one of

magnesia, two parts and sodium carbonate, one part, well ground and

mixed, and another of magnesia, four parts, potassium carbonate, one
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part and sodium carbonate ,one part. The addition of the potassium

carbonate was to hasten the oxidation, this salt having a slight

solvent action on ferric oxide. The sample is ground to a fine pow-

der by crushing in a steel mortar with a pestle and hammer. After

a little experimenting Stehman found that samples of 80 and 60 mesh

were oxidized completely, while samples of 30 mesh were not. In

fact 50 mesh seemed to be the limit of coarseness of sample. The

following is the method in detail - 3 grammes of the sample of a

fineness higher than 50 mesh are weighed into a platinum crucible

of 30 c. c. capacity and 30 grammes of the basic mixture are added.

The greater part of this mixture is added at once and the whole

thoroughly mixed. The balance about 0.5 gram is used in covering

the top of the mixture. The crucible then placed over a Bunsen

flame, a shield being used to prevent the products of combustion of

the flame from coming in contact with the mixture. This shield con-

sists of aqasbestos board eight inches by four inches, in the center

and near the lower edge of which a clean hole is cut, of a size suf-

ficient to admit the crucible for about seven-eights of its length,

and forming a snug fit: to the upper edge of this board is hinged by

means of a copper wire a board of the same length but three inches

wide and without any hole. The whole arrangement represents an "A"

tent affair, open at both ends, which can be placed over the tripod

in such a manner that when the crucible is put into place about sev-

en-eights of its length projects through the board and rests upon

the platinum triangle. The products of combustion from gas pass off

above and away from the crucible. The part of the crucible exposed

to the flame is heated for one hour at a full red heat. At the end

of this time the mass will be found sintered together, and can be





broken up when cold with a glass rod, extracted with hot water in a

beaker, and 10 c.c. of bromine water added. The solution is boiled

for fifteen minutes on a hot plate and then filtered, taking care

to see that the filtrate is perfectly clear. The residue is washed

with hot water, and to the filtrate 1.5 c.c. of concentrated hydro-

chloric acid are added. The bromine is expelled by boiling, and the

sulphur is precipitated in the boiling solution by 10 c.c. of a hot

10 per cent solution of barium chloride. Several other methods

have been devised for the determination of sulphur in cast iron dur-

ing the last decade, and if an exhaustive treatise were to be given,

22
it would be necessary to consider the work of G. I. Dougherty

,

22 °° o2 1 ft

F. Biscoff""*, H . Goeckel", J. Wolfmann^ , J. Thill and others,

but such is not the object of this thesis. Suffice it to say that

the methods described above cover quite thoroughly the work that

has been done on the subject.

in searching for a method which would be more satisfactory

than any of the methods herein mentioned, the recent investigations

the
with the Photometer led us to .belief that the solution of the Dro-

blem might lie in thatdirection . Professor J. I. D, Hinds4 was the

first to suggest the photometric analysis of precipitates. He

worked out a me thod^for the rapid determination of lime and sul-

phuric acid and also published tables to facilitate the process.

D. D. Jackson experimented along the same lines and made certain mod

-ifications of Hinds' method which increased to a large degree the

ease and accuracy of the determinations.

Jackson's method"^ A standard one-candle power candle is

placed just three inches below the bottom of the tube containing the

solution. The observetions are made in a dark room and the candle
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is placed over a dark surface. The tube which is to contain the

solution is enveloped in a brass holder which comes up almost to the

100 c. c. mark and has a broad disk at the bottom which shields the

light from the strong light below. The bottom of this cylinrical

shaped tube is entirely open except for a very narrow rim which

serves to keep the glass tube in place. The inside of the holder

is painted a dull olack to prevent reflection. The solution to be

determined for sulphates is washed into a 100 c. c. Nessler jar and

made slightly acid with hydrochloric acid. Distilled water is then

added nearly to the 100 c. c.mark. About two grammes of pure solid

barium chloride are added, and the solution made up exactly to the

100 c. c. mark. A rubber stopper is placed in the top of the tube

and the whole shaken thoroughly until the barium chloride is dissolv

-ed. The tube is then placed in the brass holder and its contents

are poured back and forth from the tube into a lipped beaker until

the turbidity throughout the solution is uniform. It is now poured

into the tube slowly until a point is reached where the flame of the

candle just disappears. The height of the column of liquid in the

tube, reading from the bottom up in centimetere and millimeters is

taken and the sulphur in grammes obtained by referring to the table.

Jackson used this method for the determination of sulphur in

cement, urine, water and coals and obtained very good results.

In 1903, Professor S. W. Parr and C. H . McClure made some very

careful investigations of the method as applied to the determination
method

of sulphur in coals. They coupled the sodium peroxide* of arriving

at a combustion with the photometric method proposed by Hinds and

Jackson. The work with the photometer, however, as outlined by

either of the above chemists was not found satisfactory. It was
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found first of all that the strength of light used had little effect

on the results. A stronger light would illiuninate the liquid to

a corresponding degree and cause the outline of the candle flame to

disappear at about the same depth as lesser light with a less

illumination of the liquid. It was noticed, however, that the

greatest difference accurred when the diffused light was cut out by

diaphragms, in which case the light could be seen through a greater

depth. Therefore they controlled the conditions regarding the

light with a greatly modified apparatus from that heretofore employ-

ed. Other disturbing conditions related to the method of precipi-

tation whether hot or cold, whether the barium salt was added in the

solid or the liquid state, whether readings were made at once, or

on standing, or whether precipitations made in the cold were subse-

quently heated or not. The method which they finally employed is

as follows - the tube graduated in millimeters, is placed in a com-

mon flask having a little clear water in the bottom. The flask is

placed on a square of glass resting on a carbon plate about five-

eighths of an inch thick and having a quarter of an inch hole in the

center. The glass prevents the condensation of moisture on the

bottom of the flask. The reading tube has a round bottom, so that

when immersed according to the above arrangement about 10 inches

above the flame of a common candle, a lens effect is produced, and

by means of the diaphragm effect of the hole in the carbon plate, a

pencil of light is secured with the minimum . amount of illumination

being imparted to the liquid. Moreover, instead of the varying and

indefinite outline of a candle flame there appears a steady compact

point of light, thereby rendering the end point sharp and definite.

Precipitationsmade with the barium salt in solution, or with
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the sulphate solution hot, transmit the rays from the candle as

white light, while precipitations made with the crystals of the salt

transmit only the red rays. In the latter way the illumination of

the liquid is still further reduced, and the sharpness of the end

reading is thereby promoted. The precipitation is therefore accom-

plished by adding the barium salt to 100 c. c. of the slightly acid

solution at room temperature, and after dissolving completely,

heating on the water bath to about 70^. It is allowed to stand

for half an hour, after which it is transferred to the photometer

and the readingtaken . The sulphur in grammes is read directly from

a table. Professor Parr and McClure worked out a new table from a

standard solution of potassium sulphate having 0.5438 grammes dis-

solved in a litre, thus containing 0.0001 grammes of sulphur by

weight per cubic centimeter of solution. The results which they

obtained for the determination of sulphur in several samples of coal

by the use of this method checked very well with those obtained by

other standard methods.

If this method as outlined above could be applied with such

success to the analysis of sulphur in coals, why should it not be

equally as successful in its application to the analysis of sulphur

in cast iron? Coupling the oxidation method of dissolving and

oxidizing the sample with the photometer method, 1 saw no reason why

definite results should not be obtained. Since eyes differ in

their sensitiveness to light, it was deemed prudent to check up the

table worked out by Professor Parr and McClure. I accordingly pre-

pared a standard solution of potassium sulphate of the same strength

as that which they employed and proceeded to check their table. I

found, however, that the values which I obtained in some cases
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differed enough from the values worked out by them to make quite an

appreciable error in the results, so that I found it necessary to

work out a new table to suit my own purposes. Having done this, I

was now ready to take up the method for the determination of sul-

phur in cast iron.

I determined to use three methods in the analysis,- 1, the

evolution method as given in Blair's Chemical Analysis of Iron,- 2,

the oxidation method as given by the same author and 3, the oxida-

tion method coupled with the photometer method as outlined by

Professor Parr and McClure. Considerable time was expended on this

part of the work without very much being accomplished. The oxida-

tion method presented many difficulties. It was extremely hard to

obtain a clear filtrate after the final evaporation, the proper

degree of acidity in the filtrate was also a hard factor to obtain,

and in the precipitation with barium chloride, fercic oxide was

found to be thrown down with the precipitate of barium sulphate.

Moreover, in heating the solution on the water bath for reading

in the photometer the ferric oxide was thrown down, thus causing a

serious error in the results. It was at length concluded that this

method required too much care and delicacy of manipulation to be

used in conjunction with the photometer method, so Eamber's method

was substituted for it, and from this point the work progressed

rapidly. The method as finally used is as follows - Bamber's

Method as developed by Allen P. Ford and Ogden G. Willey and which

has been already described , is run to the point where the precipita

tion is to be made. Barium chloride crystals are then added, dis-

solved completely and the solution heated to 70^ on the water bath.

After standing for half an hour and being brought to room





temperature, it is ready for reading in the photometer. The sul-

phur in grammes is read from the table.

However, it was thought advisable to substitute a small gas

burner for the standard candle before referred too. This burner

contains a shield made of mica which prevents currents of air from

coming in contact with the flame thus admitting of a much steadier

flame than that of the candle. Readings were taken with this

burner, using the standard solution of potassium sulphate, and it

was found that they did not differ from those readings obtained with

the standard candle. it matters little as to the length of the

flame after the eye has become accustomed to this sort of flame, but

the end point can be reached very readily with a flame about an inch

and a half in length. The apparatus consisting of the flask,

graduated tube, square of glass, carbon plate, burner, beaker in

which precipitation is made, and 100 c. c. graduate is shown in the
*

picture. The results obtained with three samples of cast iron

from the use of this method, as above outlined, compared with those

obtained by the two standard methods are shown in the following

table

.

Table 1.

1 Evolution
method

.

Bamber '

s

method*
Photometer
method

.

Sample. No,l

0.1356
0.1367
0.13 22

0.14 51

0.1434

0.1463

0.1444

6.1428

0.W6

Sample, No. 2.

0.1309

0.1335

0.1315

0.1334

0.1397

.1408

0.1373

0.1338

0.1351

Sample, No. 3 .1465

.1443

0.1505 0.1494

0.1512 0.1504





From the above table it will be noticed that the results obtain-

ed by the photometer method are higher that those obtained by the

evolution method and agree very closely with the values given

under bamber's method. This fact is sufficient to prove that ac-

curate results can be obtained by the use of this method. The

evolution method as has been pointed out does not give accurate re-

sults unless means are taken in the determination to include the

sulphur content of the residue left in the flask; Eamber's method

on the other hand is known to be accurate and as before stated can

be used in certain cases where the ordinary oxidation method fails

to give satisfaction. Consequently if the photometer method can

give results which approximate higher than the former and agree with

the latter, there is no "doubt that it is a safe method to use.

Together with its accuracy, its simplicity and ease of manipu-

lation should make it a practicable method. The one disavantage

that might be found with the method is the time element. It eli-

minates to be sure, the weighing of the precipitate which has to be

done in the oxidation method and thus saves some little time; it

also by referring directly ,to the table eliminates the calculations

which require a certain expenditure of time in other methods. It

does not, however, cut out the time consumed in getting the sample

into solution and the subsequent evaporations. Therefore having

worked up the method to the point where there was no doubt as to its

accuracy and practicability, it was no?/ my object to so modify the

method, if possible, as to render it advantageous from the stand-

point of rapidity.

The experiments of Francis C. Phillips and John V. R. Stehman





which have been described in the introductory part of this thesis

led me to work along the right lines. These chemists showed that

cast iron in a finely powdered condition could be oxidized direct-

ly in the dry state by means of a basic mixture. Now, why could

not the iron sample in such a condition be burnt in the Parr calo-

rimeter in a manner such as is used for coals, and the sulphur deter

-mined from the residue by the photometer method. Taking a quan-

tity of sample no. 2 cast iron whose sulphur content by three

methods is shown in table no. 1, I placed it on an iron slab such

as is used for the bucking of ores and then bucked it with the rock-

er until it was in a finely divided state. This, then I sifted

through a 70 mesh sieve and the fine powder which went through the

sieve 1 used for my experiment. A mixture of equal parts of ammon-

ium chloride and potassium chlorate was made up. Two grammes of

this mixture together with 10 grammes powdered sodium peroxide and

two grammes of the iron sample was placed in a Parr bomb calorimeter

the top screwed on tight and the contents thoroughly shaken. The

bomb was then placed in a vessel of water and a current sent

through it. The combustion of the contents took place at once.

After allowing the bomb to cool, it was taken from the vessel

of water, the top unscrewed, and the contents forced out into a

casserole by means of a hammer and pestle. A stream of hot water

was sent through in order to wash out any of the residue which ad-

hered to the sides of the bomb and the whole then washed into the

bottom of the casserole. The sulphur thus goes into solution in

the form of soluble sulphates and the iron which is in the form of

ferric oxide is thrown down. The contents of the casserole was

boiled for about ten or fifteen minutes and then filtered using
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paper pulp. The filtrate was made acid with hydrochloric acid and

since this required a large quantity of acid, it was then evaporated

on a hot plate until below 100 c. c. in volume. It was then made

up to^ exactly 100 c. c. care being taken to see that it was slight-

ly acid, barium chloride crystals added, heated to 70^ on the water

bath and the percentage of sulphur read in the photometer in the

usual aanner. On comparing the result obtained with those obtain-

ed by the photometer method previously used it was found to give a

much lower value. The results obtained from the use of both

methods are given in the following table.

Table 2.

Photometer method Photometer method

using using

Bamber's method. Calorimeter residue.

1

0.1373

Sample No.

2

0.1383 0.085

0.1351

It is evident from the above results that the combustion of the

iron
Awas not complete. In order to prove this fact, the residue of

ferric oxide from which the solution was filtered was tested with a

small horshoe magnet and as was anticipated a large quantity of the

iron in the metallic state was drawn out of the mass by the magnet.

It was therefore concluded that the charge as above used was

not strong enough to oxidize all of the iron, and since the success

of the operation depends upon this point, it was necessary to work

out a stronger oxidizing charge. I next made a mixture of 10 grams





sodium peroxide and one half gram of magnesium powder. This was

placed in the bomb together with a two gram sample of the iron and

the contents thoroughly shaken. On passing a current through the

bomb, the contents did not ignite at once, several trials had to be

made before the combustion finally took place. The next part of

the process was then conducted as in the first case. The results

obtained are given in table 3.

Table 3.

Photometric method

using

Bamber's method.

Photometric method

using

Calorimeter residue.

Sample No.

3

0.1373

0.1383

0.1351

0.1189

As will be noticed from the above table the value obtained is

still somewhat lower than those obtained when Bamber's method is

used with the photometer method. On testing the residue with the

magnet a small quantity of iron was found to still exist in the

metallic state. This of course proved that the oxidation had not

been carried to completeness in the combustion. The fact, however

that some trouble was experienced in getting the contents of the

bomb to ignite upon the passage of the current, led me to think that

not enough magnesium had been used in the charge. I, therefore

made up another charge consisting of 10 grammes of sodium peroxide,

two grammes of the sample, and three-fourths of a gram of magnesium

and conducted the operation as before. This time the contents of
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the bomb became ignited at once and what appeared to be a good

fusion was obtained. The result upon reading in the photometer

compared with the previous results is shown in the following table

Table 4.

Photometric method

using

Bamber's method.

Photometric method

using

Calorimeter residue

Samule No.

2

0.1373

0.1388

0.1351
0.1193

This result as will be observed is approximately the same as

the result obtained when onlu one-half gram of magnesium was used

in the charge. The test with the magnet again showed that there

was still a small quantity of the iron left in the metallic state.

it was therefore apparent that enough magnesium had been used

in the charge, but that the iron sample required the action of

some other chemical in order to be completely oxidized. Since

ammonium chloride is known to have a solvent effect upon iron, it

was thought advisable to try this in the charge together with the

magnesium and sodium peroxide. Accordingly a charge was made up

consisting of a two gram sample, 10 grammes sodium peroxide, three-

fourths gram magnesium, and five-tenth grain of ammonium chloride

finely powdered. The process was carried on as before described,

-

combustion took place immediately, an excellent fusion was obtained,

and from the reading of the photometer the result was found to agree

very well with that obtained by the use of the other method.





In order to make sure of the success of the operation, it was

repeated twice, using the sane charge, and all three determinations

were found to give concordant results. Moreover on testing the

residue by means of the magnet only a trace of the sample was found

in an unoxidizad condition and this would not materially effect the

results. The values obtained are given in table , 5.

Table 5.

Photometer method Photometer method

using using

Bamber's method. Calorimeter residue.

0.1375 0.1562

Sample No.

2

0.1388 0.1777

.1751 .1770

Here, then we have the suggested solution to the problem. The

photometer methbd as used in conjunction with Bamber's method for

dissolving and oxidizing the sample was shown to give accurate re-

sults, but owing to the time consumed in running it, there was rea-

son to believe that it might prove disadvantageous. By substitut-

I'
r i I a,

ing, however, the calometer process as outlined above for the oxida-

tion of the sample in plaoe of Bamber's method and then reading the

sulphur content of the residue in the photometer, the method is

made more rapid, I believe than any other method which has yet been

devised for the determination of sulphur in cast iron. The weigh-

ing og the charge and its ignition in the bomb calorimeter ought

not to require more than twenty minutes time; the boiling and fil-

tration requires about twenty minutes more; the time required to
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evaporate the filtrate to 100 c. c. in volume, if a strong flame La

used should not exceed fifteen minutes; and the precipitation with

barium chloride crystals, heating to 70^ bringing to room tempera-

ture and reading in the photometer requires about forty five minu-

tes, so that the whole process can be run in less than two hours.

The evolution method on account of its rapidity is the one

which is generally used in most iron and steel laboratories. This

rapid process, however, as ordinarily run does not in all cases

give the full sulphur content. The error as before stated is prob-

ably due to the formation of organic sulphides which prevent all of

the sulphur from being absorbed by the alkaline solution. The

Photometric method which has just been described does give the full

sulphur content, - in fact it gives results which are just as ac-

curate as those obtained by Bamber's method. Therefore, in my

opinion the photometric method for the determination of sulphur

in cast iron is preferable to any other method inpractical use at

the present time.
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Photometric Table for Sulphur.

Weight of Sulphur in Grams.

Per Millimeter Depth.

Sulphur Sulphur Sulphur Sulphur
m.m. in grms. m.m. in grms. m.m. in grms . m.m. in grms.

1 A r195

j—
a An i oa.00120

|
1

1 A A14y

1

A AA T CO.00152 1 "1 C115 A A A T AA.00190 QAoO A A A 0*7A.002 fU

190 1 a a a 1 o 7.00123 14o A AA 1 C 7.00153 1 1 A114 A AA 1 A O.00192 ry r\79 A A A ry 7.00273
185 r\ aa i ory.00127 147 .00153 117113 .00193 ry Q7o a a a orr ry

• 00277
loO .00130 1 A d146 A AA 1 c /.00154 1 T O112 .00195 ry rj77 A A A OOA.00280
*i ry r\179 .00132 145 A AA 1 C /l.00154 ITT111 A A A 1 A Ct.00196 ry CX

1 6 A AA O O C.00255
17o r\ AA1 70.00132 1 A A144 A AA 1 C C.00155 1 1 A110 a aa oa a.00200 ry rr75 A A A OAA.00290
177 .00132 ~l A 7143 A AA1 C/3

. 00156 1 AA109 A AA OA 1.00201 ry a74 A AA OA A
• 00294

17b .00133 142 A A A 1 C O.0015o T A QlOo A A AOA A.00204 ry 773 A AA 7 AA.00300
1/5 .00133 141 A AA "1 C Q.0015o 1 A ry107 A A A OA C.00206 ry A A A 7A 7.00303
T ry a174 r\ AAT 7 Jl.00134 1 yl A140 A AA T CA

• 00159 T A C106 A AA OA ry
• 00207 ry 171 A A A 7 1 A

. 00310
173 a Am.00135 T 7A139 A AA1 AA.00160 1 A C105 A AA OA O.0020 70 A A A 7 1 C.00315
1 no172 MAI 7C.00135 1 7 O138 A AA 1 £1 O.00162 104 A A A O 1 A.00210 C A69 A A A 7 O T.00321
171 • 00136 y r? ry137 A AA T C O

• 00162 1 A«7103 A AA O T fZ
• 00213 68 A AA 7 O ry

• 00327
n rya170 .00136 T 17 A136 .00163 T A O102 A " AA O T tT.00215 c ry67 A AA777.00333
169 .00137 n 7 r135 A A A T A.00164 TAT101 A AA O T C•00216 66 A AA 7 7 A.00339
loo a aa t 7

• 0013o T 7 vl134 A AA 1 £2 C.00165 100 A AA O 1 A.00219 c c65 A A A 7 C A.00350
-i />ry167 a a a t 7 q.0013o T 7 7133 A - A A 1 C C±.00166 AA99 A AA OOA.00220 C A64 A AA 7 C A.00354
loo a aa 1 7

• 00139 i 7132 A AA 1 £ C.00166 98 A A A OOO
• 00222 a 763 A AA 7 C A

• 00360
ICCloo A A A 1 7 A

• 00 ±3» n 7 t131 A AA1CQ
• 0016b a r>9 /

A A A OO C.00225 62 A AA7CA
• 0036y

T C A164 A A A 1 A A.00140 1 7A130 A AA 1 OA.00170 A £296 a Aa con
• 00227 61 A AA 7 ry Q.003 to

loo A A A 1 yl A
. UU140 T OA129 A AA1m

. 00171 A C95 A A A OO

A

• 0022y AA60 A A A 7 O A
• 003t>4

162 0.00141 128 0.00171 94 0.00231 59 0.00400
161 0.00142 127 0.00172 93 0.00234 58 0.00405
160 0.00142 126 0.00174 92 0.00236 57 0.00414
159 0.00143 125 0.00176 91 0.00238 56 0.00426
158 0.00144 124 0.00177 90 0.00241 55 0.00435
157 0.00144 123 0.00178 89 0.00243 54 0.00450
156 0.00146 122 0.00180 88 0.00246 53 0.00456
155 0.00146 121 0.00182 87 0.00250 52 0.00465
154 0.00147 120 0.00183 86 0.00252 51 0.00476
153 0.00147 119 0.00185 85 0.00255 50 0.00500
152 0.00148 118 0.00186 84 0.00253
151 0.00151 117 0.00188 83 0.00261
150 0.00152 116 0.00189

i

82
81

0.00264
0.00267
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